Abstract: Leprosy leads to chronic granulomatous inflammation in skin and peripheral nerves that can lead to sensory, motor and autonomic impairments. Autonomic dysfunctions may result in dryness and cracking of the skin. In this study, we present the use of ozone provided by a high-frequency device to treat hand ulcers (wounds) in an 80-year-old man who was diagnosed as multibacillary in 2007. In the first visit, the patient was evaluated and received verbal and written instructions about self-care. Treatment consisted of five sessions, once per week. The ozone provided by a high-frequency device seemed to be useful in the treatment of ulcers, thus, contributing to the healing process. Research that investigates the use of high frequencies in the treatment of ulcers associated or not with other interventions (self-care strategies, protective clothing, adapted tools and footwear adaptation) is strongly recommended.
INTRODUCTION
Peripheral nerve damage in leprosy may lead to loss of sensory and motor function [1] [2] [3] [4] . The consequences of nerve damage may give rise to secondary disabilities that are mostly the consequences of the unprotected use of "anaesthetic" extremities, and include ulcerations of the feet and hands [5, 6] . In cases of important sensory loss, selfcare is an essential component of preventing these significant complications [7, 8] . Indeed, self-care is the responsibility of the individual and might be difficult to implement in practice. In the presence of a plantar ulcer, some interventions, such as footwear adaptations, are recommended [5] [6] [7] [8] [9] [10] . However, interventions to treat secondary disabilities in the hands, such as ulcers, are not common. The aim of this study is to present a case report about the application of a high-frequency generator in the treatment of hand ulcers due to sensory loss in leprosy. We believe that this research is important. First, because hand ulcers may contribute to infection and finger amputation and, consequently, more stigma and functional limitation; second, it is a non-pharmacological treatment; and third, this treatment may also be able to treat foot ulcers.
MATERIALS AND METHODS
This case report was conducted from November to December 2014. The study protocol was approved by the Human Research Ethics Committees of the Instituto Federal do Rio de Janeiro, and the patient was given oral and written information before he agreed to participate.
We present an 80-year-old Brazilian man who was diagnosed with multibacillary leprosy in 2007. He received multidrug therapy for one year, and was discharged in 2008. At the first visit, a clinical history, information regarding sensory and motor nerve damage, an assessment of the nose, eyes, hands and feet, and a cutaneous examination were performed by an experienced professional. There was no history of smoking or alcohol consumption, and there was no clinical history of any other condition that causes neuropathies. There was a history of a traumatic injury on the second finger of his left hand in 2008.
A physical examination followed the assessment protocol recommended by the Brazilian Ministry of Health, and all tests were performed by an evaluator (FJJR) who had 10 years of experience. The clinical nerve assessment included nerve palpation in sites of predilection, sensory impairment using Semmes-Weinstein monofilaments and motor function impairment assessed by manual muscle strength testing.
A palpation of the nerves, which aims to evaluate their tenderness, consistency (soft, hard, irregular) and size (enlarged, normal, small), was performed gently using the pulp of the fingers and included the main peripheral nerves (ulnar, median, radial, lateral popliteal and tibial). Left and right nerves were compared, and the result was defined as present or absent.
Semmes-Weinstein monofilaments (MF) (0.05 gm/0.2 gm/2 gm/4 gm/10 gm/300 gm) was used to assess light touch perception in skin areas related to the ulnar, median and tibial nerves.
Voluntary muscle testing was performed using a sixgrade scale (0-5) in the following nerves by assessing the muscles to which they connect: ulnar nerve (abductor digiti minimi), median nerve (opponens pollicis), radial nerve (extensor carpi radialis longus, extensor carpi radialis brevis, extensor carpi ulnaris) and common peroneal nerve (extensor hallucis longus).
RESULTS
The patient presented no problems in his eyes or nose due to leprosy. During the palpation of nerves in the upper and lower limbs, no thickening or pain were perceived. There was sensory loss in both hands (4 gm, 10 gm and 300 gm), and feet were considered anaesthetic (no response with 300 gm) in all tested plantar points. Motor function of the hands was classified as grade five for all muscles except the left abductor digiti minimi, which was grade three. In the feet, the extensor hallucis longus was classified as grade five in the left foot and grade four in the right foot.
Cutaneous examination of his hands showed five hand ulcers (wounds) localised in the dorsal part of the third, fourth and fifth fingers of his left hand. According to the patient, these wounds occurred during cooking and car repair. The patient was unable to accurately estimate how long the wounds were present. However, he considered that the injuries exist for at least 4 months. The hand ulcers had not been treated previously. The patient reported that he uses only an oil lotion to avoid skin cracks due to skin dryness in hands and feet. There were no skin injuries on the right hand or on the feet. The area of each ulcer was measured using two software programmes (GIMP and ImageJ).
We performed five sessions (one evaluation and four treatments). At the first visit, the patient was evaluated and received verbal and written instructions about self-care management in order to avoid new injuries. At the first visit and after each treatment session, a photograph of his left hand was taken. The images were sent to be analysed by a blind evaluator (M.K.G) using ImageJ (version 1.48, National Institutes of Health, Bethesda, Maryland), a public domain Java image processing software programme (downloadable at http://rsbweb.nih.gov/ij/download.html), to estimate the area of the wound in square millimetres (mm 2 ). This method has been used previously in studies to measure ulcers in diabetic patients [11] and can be considered reliable [12] .
The patients' wound care protocol included the application of a high-frequency current (equipment Beauty Face ® , HTM Electronics, Brazil). We used the sparks technique (Fig. 1) , with 80% amplitude and an electrode nozzle, bypassing the entire ulcer and its interior, moving away from the tissue to avoid contact and contamination. The patient received five applications in each ulcer per day, which varied in terms of the size of the lesions (one minute per cm 2 ). The patient was treated once per week for a total of four weeks of intervention. Figure 2 shows the progression of ulcer healing, and Table 1 represents the areas measured in pre-and post-treatments. Despite it being possible to measure the area at the end of the fifth treatment session, the ulcers were considered clinically healed because they showed complete skin closure with no drainage and no sign of infection.
DISCUSSION
The main component of leprosy programmes has been the prevention of disability [5, 7, 9, 10] . Early diagnosis and treatment, and adequate management of nerve damage, combined with effective health education to prevent limb damage is is strongly recommended as the main intervention to prevent disabilities in leprosy [5, 9, 10] . When nerve damage occurs, it is important to develop strategies to prevent it from worsening and/or to treat impairments such as deformities and ulcers [5] . However, the best way to prevent or treat skin damage is not clear. The majority of studies on skin damage in leprosy are related to plantar ulcers and recommendations on footwear [9, 10] A systematic review [8] suggested that topical ketanserin as an effective treatment in the healing process of plantar ulcers. Topical phenytoin (two studies) may be more effective than saline dressings regarding ulcer healing. In our study, a conservative and non-pharmacological treatment option was presented in the management of hand ulcers due to nerve damage in leprosy. The use of ozone provided at a high-frequency may be beneficial in healing processes with a short period of treatment.
The high-frequency generator operates on alternating currents (high voltage and low intensity) and uses glass electrodes with air or gas (Neon, Argon or Xenon). It is advocated that the electric field generated by the device and the passing of the current through the body can produce thermal effects (heat production) and the ozone effect due to the sparking produced by the current passing through the electrode. The thermal effects contribute to peripheral vasodilation, increasing blood flow and oxygen delivery. The ozone has been used to treat chronic wounds such as in diabetes [12] . Healing process promoted by ozone might be promoted by the decrease in bacterial infection, fibroplasias activation and keratinocyte proliferation [12] [13] [14] [15] [16] .
Ozone is a powerful oxidant; contact with body fluids results in the formation of reactive oxygen molecules and biochemical events. Those events influence cellular metabolism and provide tissue repair and antimicrobial effects [16] . The ozone exposure promotes the activation of transcription factor NF-κB (regulating inflammatory responses) [17] [18] [19] and the release from platelets of plateletderived growth factor (PDGF) and transforming growth factor β1 (TGF-β1) [20] [21] [22] .
The clinical use and the physiological effects have been presented previously in the literature. In a study by Kim et al., using an acute cutaneous wounds in guinea pig model, the authors found an increased intensity of collagen fibres and a greater number of fibroblasts in the ozone group [12] . In a small sample controlled clinical trial, found that a high-frequency generator caused an improvement in healing and a decrease in pain in pressure ulcers when compared with the control group [16] . A systematic review [22] of the therapeutic use of ozone in wounds; it was discovered that most of the studies analysed found a stimulation of the healing process (62.2%), followed by improvement in wound appearance (43.5%) and a decrease in pain (17.4%). The author concluded that ozone could be an important treatment option for wounds and may bring numerous benefits to patients.
The measurement of areas using a photographic method was previously used and showed good inter-and intrareliability [23] . The availability of computers and the popularisation of digital cameras made the use of this technology as a precision instrument possible [24] [25] [26] .
We recognise that the major limitation of this study was the lack of comparison with other treatments. It is also possible that the results could be different in plantar ulcers, especially concerning the time of healing. Plantar ulcers may be more difficult to heal due to the contact of the foot with the ground and the presence of deformities such as claw toes or drop foot. Another limitation of this study was the difficulty to investigate the influence of self-care practice. We provided verbal and written instructions, and selfcare was evaluated only by the absence of new wounds during the period of the study.
The ozone provided by a high-frequency device seemed to be useful in the treatment of ulcers contributing to the healing process. However, it is important to highlight that this intervention can be considered as adjuvant in skin damage treatment. We recommend that this modality be used in combination with self-care strategies, protective clothing, modified tools and footwear adaptation.
This study sheds light on the treatment of one important complication after multidrug therapy discharge. Research that investigates the use of high frequencies in the treatment of plantar ulcers associated or not with other interventions is strongly recommended.
